





























細胞真核生物の Euglena gracilis と Tetrahymena pyriformis に対する増殖阻害効果を DNA
切断薬剤ブレオマイシンと細胞膜阻害薬剤環状ペプチド類（コリスチン，バシトラシン，ポリ
ミキシンB）と比較した。Euglena gracilis に対してはブレオマイシンが他薬剤の1/10－





量が増大していた。ブレオマイシンの細胞内 DNA への結合による DNA 切断は細胞内のスペ
ルミジンやスペルミンの濃度上昇によって競合的に防御されるものと考えられる。原核生物




































DNA と葉緑体（クロロプラスト）環状 DNA を持ち，


















ていて，２本鎖 DNA の他に２本鎖 RNA への親和性
も高い。リボソーム RNA（ rRNA），転移 RNA
（tRNA），メッセンジヤー RNA（mRNA）にも結合
し,多岐にわたる生理作用を発現しているのであるが




Euglena gracilis IAM E-6 は PBY 培地（ペプトン，
酪酸ナトリウム，酵母エキス）にて光照射下に25℃で
好気的に液体培養した。Tetrahymena pyriformis
Fig. 1. Chemical structure of the anti-cancer drugs Bleomycin,
Mitomycin C, Daunomycin and Mitoxantrone.
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剤の Bleomycin（塩酸塩，55-77% Bleomycin A2，日
本化薬），Mitomycin C（協和発酵），Daunomycin













Table 1. Cellular concentrations of major polyamines in Euglena gracilis IAM E-6 (A) and Tetrahymena pyriformis GL (B)
grown in the presence of Bleomycin (anti-cancer drug), three cyclic polypeptides Colistin, Bacitracin and
Polymyxin B (anti-cell membrane/cell wall drug), and Chloroquine and Quinacrine (anti-protozoa drug).  Cellular
concentrations of polyamines in T. pyriformis GL, Saccharomyces cerevisiae (yeast) and HeLa S3 (mammalian
culture cell) were cited from our data18,, 19, 22), as a reference (C).  The organisms were cultured in the absence
(control) or presence of the drugs at the concentration of 50% growth inhibition (IC50).  M, molar concentration.
Polyamine concentrations are expressed asμmol/g wet weight of the packed cells (A and B) or nmol/μg DNA.
Abbreviations for polyamines：Dap, 1,3-diaminopropane [NH2(CH2)3NH2]：Put, putrescine [NH2(CH2)2NH2]：Cad,
cadaverine [NH2(CH2)5NH2]： NSpd, norspermidine [NH2(CH2)3NH(CH2)3NH2]： Spd, spermidine
[NH2(CH2)3NH(CH2)4NH2]：NSpm, norspermine [NH2(CH2)3NH(CH2)3NH(CH2)3NH2]：Spm, spermine
[NH2(CH2)3NH(CH2)4NH(CH2)3NH2]：Ac-Spd, N 1-acetylspermidine：APCad, aminopropylcadaverine
[NH2(CH2)3NH(CH2)5NH2].
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ce l l s）か，培養液１mlの吸光度あたりのモル数
（nmol/Aat 400nm）として表示した。




Table 2. Cellular concentrations of major polyamines in Escherichia coli IAM 12119 (A) and Bacillus subtilis IAM 12118 (B)
in the presence of the anti-cancer drugs Bleomycin, Mitomycin C, Daunomycin and Mitoxantrone.  Table C was
cited from our data23), as a reference.  The organisms were cultured in the absence (control) or presence of the
drugs at the concentration of 50% growth inhibition (IC50).  Polyamine concentrations are expressed as
nmol/Absorbance at 400 nm of 1 ml of the liquid culture (A and B) or μmol/g wet cells (C).  A-1 and A-2 were














ルミンを合成している 14,15)（Fig.3と Table1 の
Fig. 2. Growth curve of Escherichia coli IAM 12119 in the
presence of Bleomycin (●) and Mitomycin C (▲) (Fig.
A-1) and Daunomycin (◆) and Mitoxantrone (■) (Fig. A-
2) and Bacillus subtilis IAM 12118 in the presence of
Bleomycin (●) and Mitomycin C (▲) (Fig. B-1) and
Daunomycin (◆) and Mitoxantrone (■) (Fig. B-2) by
serial dilution method.  Fifty percent growth inhibitory
concentration (IC50) (μg/ml) estimated in the figures,
was expressed as molar concentration (mol/l) in Table
2.  
Fig 3. HPLC analysis of polyamines of Euglena gracilis IAM
E-6 grown in the absence (control) (A) or presence of
2.5x10-6 M Bleomycin (at IC50) (B) and Tetrahymena
pyriformis GL grown in the absence (control) (C) or
presence of 5.0x10-4 M Bleomycin (at IC50) (D).  The
whole polyamine PCA extract (100μl) from the cell
pellet prepared from 8 ml culture was analyzed.
Abbreviations for polyamines are as in Table 1.
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に示した。Euglena gracillis では，Bleomycin によ
る　IC50は他の薬剤のそれと比較してきわめて低く，















Fig. 4. HPLC analysis of polyamines of Escherichia coli (A)
and the culture supernatant (B), grown in the absence
(control) or presence of the anti-cancer drugs
Bleomycin (BLM), Mitomycin C (MC), Daunomycin
(DM) and Mitoxantrone (MXT) at the concentration of
IC50 shown in Table 2.  The whole polyamine PCA
extract (100μl) from the cell pellet and the supernatant
(100μl) prepared from 4 ml (for BLM) or 8 ml (for MC,
DM, MXT) culture, were analyzed.  Abbreviations for
polyamines are as in Table 1.
Fig. 5. HPLC analysis of polyamines of Bacillus subtilis grown
in the absence (control) or presence of the anti-cancer
drugs Bleomycin (BLM), Mitomycin C (MC),
Daunomycin (DM) and Mitoxantrone (MXT) at the
concentration of IC50 shown in Table 2.  The whole PCA
extract (100μl) from cell pellet prepared from 4 ml
culture, was analyzed.  Abbreviations for polyamines
























































T a b l e 2とした。この濃度下での培養では，対照
（control）の約半分の集菌体量となる。両細菌に対し
て，Bleomycin と MitomycinC が低濃度で増殖阻害効
果を認めた。Bleomycin の IC50でみると，真核生物の













































増殖阻害機序が Bleomycin の DNA への結合と切断作
用にあるとすれば，葉緑体 DNA を有する Euglena
gracilis の高感受性が説明可能となる。クロマチン





















DNA 切断活性が高い Bleomycin に対しては，両真核
生物種ともに，細胞内のトリアミンやテトラアミン含






DNA に対する DNA 切断活性3-5,9)にほぼ比例してい
る。ヒストンと結合してヌクレオソームを形成してい
るクロマチン DNA 切断活性ではBleomycinが最強で
9），Bleomycin はクロマチン DNA に対するポリアミ
ンとの競合結合力が大きいためと判断されている。細




ことから，Bleomycin が DNA と結合することをスペ
ルミジンが競合して阻害していると考えられる。結果
として，スペルミジン含量を増大することで
























ミン構造を有し DNA に親和性が高く，DNA 切断活
性を有する抗癌剤存在下では，原核生物の細菌でも，
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Inhibition of the Growth of Eukaryotic Flagerate Euglena 
gracilis, Eukaryotic Ciliate Tetrahymena pyriformis, 
Bacterium Escherichia coli and Bacterium Bacillus 
subtilis, and their Polyamine Syntheses by 
Bleomycin and Anti-Cancer Quinones
Koei HAMANA1)*,  Azusa SAKAMOTO1),  Kenji TAKATSUKA1), 
Yoshie KIGURE1),  Nagisa TANAKA1) and Ryuichi HOSOYA1)
Abstract：Polyamines such as spermidine and spermine stabilize DNA structure in eukaryotes
and prokaryotes.  Cellular polyamine levels were analyzed by high-performance liquid
chromatography (HPLC) of the acid-extracts from the cells.  A DNA- breaking drug, Bleomycin,
inhibited the growth of the unicellular eukaryotes, Euglena gracilis and Tetrahymena
pyriformis, at the concentration of 2.5x10-6 M and 5.0x10-4 M, respectively.  When a half of the
growth in the two eukaryotes was inhibited by Bleomycin, cellular levels of spermidine and
spermine increased in contrast with normal growing cells, whereas the levels decreased in the
two eukaryotes inhibited by Colistin, Bacitracin and Polymyxin B, as membrane-inhibiting
cyclic peptides.  Anti-cancer quinones, Mitomycin C, Daunomycin and Mitoxantrone as well as
Bleomycin, inhibited the growth of the prokaryotes, Escherichia coli and Bacillus subtilis, at
the concentrations 1.8x10-7－1.1x10-5 M.  In the two bacteria inhibited by the four DNA-
breaking drugs, cellular spermidine levels relatively increased in parallel with their DNA
strand breakage and growth inhibitory potencies. 
Key words：Anti-cancer drug, Bleomycin, Escherichia coli, Polyamine, Tetrahymena
pyriformis
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